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SURVEY OF JAPANESE SHI PYARDS

1.0 Executive Sunmary

1.1 Backaground

A survey of Japanese Shipyards was conducted from Cctober
29 to Novenber 26, 1979 in support of a MarAd sponsored
project for stinulating the U S. Shipbuilding Industry to
i nprove productivity. In brief, the objective of this
project was for a team of (6) individuals having broad
shi pbui | ding exerience to visit Japanese Sh%Fyards for

t he purpose of identifyinﬁ_spepific areas and followon
projects where Japanese Shipbuilding Technol ogy can be
transferred to the U S ShleU|Id|ng [ ndustry with MNarAd
assistance. The enphasis of this project is in the area
of Systems and Procedures, Managenent and O ganization
Techni ques, and Conputer Software as opposed to Hardware
Systens requiring large capital investnent.

The shipyards visited were selected based upon IITR

contacts with the |eading shipbuilding conpanies in Japan.
The shipyards and organizations visited are |isted bel ow

Mtsui Head Ofice - Tokyo, Japan
Mtsui Shipyard - Chiba, Japan
Mtsui Shipyard - Tamano, Japan

| H Shi pyard Kure, Japan
| H Shi pyard Al oi, Japan
| H Shipyard Tokyo, Japan
NKK Shi pyar d Shim zu, Japan

Wth the exception of the Mtsui Chi22a Shipvard, all of
the shipyards’visited were old yards that had been

nmodernized. In all cases, the shipyards were building

orders of (1-4%

conparison wt

vessel s of non-standard design-so a good
the U S. Industry exists.



1.2 Kev Observations

Production thruput, even at the reduced |evels dictated
by world shipbuilding demand, was high by U S. Standards.
Direct |abor manhours and construction schedul es were
approxi mately one half or less of U S practice. Based
upon observations made in the six Japanese Shipyards
visited, | believe the primary reason for this perfornance
Is a high degree of rationalization* in the areas of work
organi zation, design, planning naterial control, facili-
ties and tooling. These observations wll be further
described in this section and in sections 2.0 thru 6.0 of
this report.

(A) Scheduling and Control

«A typical Japanese M| estone Schedule for the
construction of a new design non-standard cargo,
bul k, container or RORO Ship is as follows:

Contract Award to Start Fab - 6 Mnths
Start Fab to Keel - % "

Keel to Launch
Launch to Delivery :

I

Mont hs

« Scheduling and control of both the Front End and
Production Phases are sinplified by the conmon
zone or area orientation of the design, planning,
scheduling, labor/nmaterial control and production.

« Al though schedules are sinpler and in |ess detail
than BIW control appears excellent in all areas.

(See Section 2.0 for further details.)
(B) Oganization of Work

« The organi zation of work has been further sinpli-
fied by the product or zone orientation of both
t he design and production organizations. A
tYPiFaI roduct OB zong br eakdown usgd wi th mnor
modi fications im both design and production is as
i nol | ows:

*Moder ni zed based upon the principals of Hull Block Construction

and Zone Qutfitting.



- Hull Construction (Hull Fabrication,
Assenbly and Erection)

Accommodation Qutfitting (Qutfitting of
Accommodat i on Spaces)

- Deck Qutfitting (Qutfitting of Cargo “
and Deck Areas)

- Machinery Qutfitting (Qutfitting of
Machi nery Spaces)

El ectrical Qutfitting (Al Electrica
Qutfitting)

+CQutfit parts, other than pipin?,_are_sub-
contrafted locally thus sinplitying interna
control .

«All production work in the fabrication
assenblﬁlpreoutflt, and on board outfit
phases has been organi zed by zone or area
t hrough the use of working plans and materia
lists ‘(Pallet Lists). Systens take precedence
over zones at the time of Shipboard Testing.

«A simlar approach has been taken by IH
Tokyo in their construction of the DDH a
5200 Ton Twin Screw Destroyer
(See Section 3.0 for further details. )

(c) Desiqgn_ Approach

e The basic or contract design is nore conplete
than U S. practice and is acconplished by the
Tokyo Head O fice.

e The conpletion of functional design, ke¥ pl ans
and cal cul ations, and the devel opnent of work-
ing plans is normally acconplished in the yard
design office.

o« Qutfitting working plan devel opment has been
streamined thru the use of “Conposit Qutfit
Arrangerment Drawings”. The use of the Com
posit Qutfit Arrangenent Plan is a key el ement
In the reduced working plan devel opnent tine
achi eved by Japanese Yards vs U. S. practice.



« Both functional and working plan devel opnent
are greatly assisted thru the use of conpre-
hensive standards* and extensive experience
on previous vessels.

« The design is devel oped based upon extensive
pl anning and production input early in the
design process. This again is assisted by
st andar ds.

« The working plans and material lists (Pallet
Lists), provide a common docunentation for
design, planning, scheduling, |abor/materia
control and production.

(See Section 4.0 for further details.)

(D) Shipbuilding Standards

e Both IH and Mtsui have devel oped extensive
standards for use in functional design, de-
tail qe3|gn, pl anni ng, production, and quality
control .

e Design and naterial standards start at the
| evel of individual conponents and pieces
of raw material (such as BIWis devel oping)
and include progressive tiers to the |evel
of standard machinery arrangenents and system
diagrams for various standard “ships and vari-
ous sizes of standard steam or diesel power
pl ants.

e This approach has provided the yards a
formal 1 zed way of docunenting their
experience and of devel opi ng new design
or production processes docunented in a
manner that they can be nodified as re-
quired to suit new owner or service
requirenents.

e The use of standards is a key elenent in
the significantly reduced design and pro-
duction costs and schedul es achi eved by
Japanese Yards vs U S. practice.

(See Section 5.0 for further details.)

*Docunent ed Standards or Guidance Data for use in the areas

of functional design, detail design, planning, production
and quality control



(E) Preoutfit Approach

« CQutfit installation as devel oped by Japanese
Shipyards is broken into three stages:

On Unit (called packa?ing by BIW -
package or nodule outfitting of
conﬁonents, pi pi ng, grating.etc.
Packages are often multi-system and
include multiple disciplines.

On Block (called unit preoutfit
by BIW structural block preoutfit
simlar to that acconplished by BIW

On Board (called outfitting by BIW -
installation of the remaining nateria
on board ship. The work is packaged
by logical area vs conventional system

e« On block preoutfit l|evels observed in Japanese
Yards were very simlar to BIWpractice on the
Mat son/ FLI contracts where conparable bl ocks
wer e observed.

e« On unit preoutfit provides Japanese Yards a
significant advantage-in areas not subject
to on block preoutfit (i.e. engine room and
weat her decks) vs current BIW practice.

« |H stated the follow ng savings for on unit
and on bl ock preoutfit:

on unit vs. on board = 70% savi ngs
on bl ock vs, on board = 30% savi ngs

. pictures of the DDH construction viewed in
IH Tokyo indicated limted use of on unit
preoutfit and extensive on bl ock Ereoutfit.
As Bl Wuses larger blocks on the FFG ouT_
preoutfit levels exceeded theirs--""*"7"

(See Section 6.0 for further details)



(F) Dinensional Control

« Structural dinensional control was very advanced
in the yards visited. Mdship units were fabri-
cated neat with no stock, and nost bow and stern
bl ocks were cut neat at assenbly.

. The di nmensional control approach was described
as the monitoring and control of each fabri-
cation, sub-assenbly and assenbly operation
based upon worker, supervision and quality
control inspection and docunentati on.

« Dinmensional control standards were stated to
be based upon experience and statistical
projections of cumulative errors.

« This systemis considered key in their |ow

assenbly and erection costs and tine as fit
up was excellent and rework was mni mal.

(G Conputer Aided Design

e Conputer aided piﬁe detailing was in use in
all yards although in nany yards pipe fab-
rication was not automated. System capabilities
aBPear simlar to RAPID which will becone avail -
able fromIITRI this year.

e Computer aided structural desi?n and lofting was
in use in all yards aIthouPh plate cutting In
many yards was still by “Electro-Photo-Mrking”
using optical projection. System capabilities
appear simlar .to AUTOKON '76 or '79 plus Parts
Definition, a new AUTOKON compatible system
bei ng devel oped under 1iTR. % *°

e Conputerized control of both rawand fabricated
material was in use in all yards. Conputer aided
generation of material lists (Pallet Lists) was
used in Engineering to assist this.

e Seabird, an advanced interactive commter aided
design system using a data base concept, had
been devel oped by IH. This systemis no |onger
in use due to an excess of experienced designers
and the cost to update it to new conmputer tech-
noIo%y. This system when in use, resulted in
a 30% savings in design cost and time and IH
states they will use It in the future when
busi ness i nproves.

-6 -



1.3

« The advantage stated for the above conputer
applications was reduced design tinme and
costs .

Concl usi ons _and Recommendat i ons

Al t hough many. of the observation re simlar to those
alreadg descyibed In references ?ayg): | tfeel the trip
was nost informative as a greater understanding of the
principals was achieved. ased upon these observations,
| am convinced that BIWhas been noving in the right
direction during the |ast tenAyears and particularly
during the last four years. t hough several key U S
Shipyards (National Steel, Avondale, Livingston and

Sun Ship) have already initiated studies of IH's or

ot her Ieading shipbuilders’ nethods, | feel that BIW
may be in an_un|gue position to properly evaluate and

i mpl ement this advanced technol ogy.

Assuming a high probability of BlIWbeing involved in
new ship design and construction in the early 1980:s,
| feel the adoption of selected Japanese approaches
offers significant schedule and cost advantages to
BIW In [ight of the above, the follow ng recomren-
dations are nade:

(A) Blw should establish a project teamto carefully
revi ewJapanese procedures and to recomrend im
pl enentation where found appropriate. In this
regard, particular enphasis should be placed in
the follow ng areas:

Schedul e and Contr ol
- Organi zation of Wrk
Desi gn €$proach
- Shi pbui I ding Standards
- Preoutfit Approach

(B) BIW as nmanager of the MARAD Shi pbuil di ng
St andards Program shoul d push aggressively
for an expanded standards program  Specific
enphasi s should be placed on a long range
program for standards devel opnent and the
devel opnent of functional design standards
for | ow speed diesel power plants.



(O In review ng Japanese procedures and devel opi ng
an eannded U.S. Shipbuilding Standards Program
BI W shoul d cl osely observe the Livingston Program
and other existing and foll owon mrap funded
projects that are already planned in these areas.

(D) BI'Wshould send a followon team of Key Mnagement
Personnel to Japan to gain further famliarization
and under st andi ng of Japanese design, planning and
production procedures.

(E) If required at a later date to assist in inple-
menting new approaches, BIW should consider the
use of Key Consultants from Japanese Firms such
as IH and Mtsui.



2.0 Schedul e and Control

2.1 A typical Japanese M| estone Schedul e for commerci al

construction is shown in Exhibit 2-1, page 11. A
more detail mlestone schedule for a Mtsui buik
carrier is shown in Reference (e), page 2-4.

2.2 A typical IH Schedule for a 5200 Ton Destroyer is

shown in Exhibit 2-2, page 12.

2.3 In order to support the verg_ short shi pbuil di ng
|

NOTE :

periods illustrated in Exhibit 2-1 and 2-2,
Japanese shipbuilders have found it necessary to
paral l el the design, material procurement and
production phases as illustrated bel ow

Conventional CQutfitting

Del i very
Design \V4
Mat’ 1 Procurenent ]
Pr oducti on
Ship Building Periocd
>

Zone Qutfitting

Desi gn | Del i very

Mat’ 1 Procurenent \V4

[ Pr oducti on

Paral | el design material procurenment and production
is nore readily schedul ed-and controlled with a
product oriented detailed design.



2.4 Japanese Shi pbuil ding Schedul es are nornmally Gantt
Charts or simple lists. [IH, Kure personnel, indi-
cated that they had tried PERT/CPM Networks and
found themtoo inflexible for the shipbuilding environ-
ment. They did, however, indicate that the¥ had used a
conput er net wor k anal yses system (PMS) for the design
and production of a floating power and pulp plant for
the Amazon River. The reason given for usinﬂ net wor k
anal yses on the latter project is the fact that their
previ ous shipbuilding experience did not directly relate
and they needed a nore detailed analysis to identify
critical paths and establish schedul es.

2.5 Scheduling and control of both the Front End and
Production Phases are sinplified by the common zone

or area orientation of the design, planning, scheduling,
| abor/material control and production.

2.6 Although schedules are sinpler and in | ess detail than
BIW control appears excellent in all areas.

2.7 Additional explanations and exanpl es of Japanese Shi p-

bui I di ng Schedul es can be found in Reference (e), pages
5-4 to 5-11, and in Reference (f), pages 30-33.

-10-



EXHIBIT 2-1

TYPICAL JAPANESE MILESTONE SCHEDULE FOR COMMERCIAL CONSTRUCTION'"

slg 10 9 8 7 b 5 -4 -3 o 1 2 3 4 5 ¢
I | 1 1 1 | I | ! ] 1 | 1 1 i | i
MATOR S.BASIC DESIGN C.A o F K L 5
MILESTINES JAN JA VAN TAN JAN JAY
[ BASIC DESIGN
16N FUNC, DESIGN |
PESIG [ STRUCT DETAIL DESISN. |
[ ouTFIT DETAIL DESIGN |
!
["FaBRICATION |
HULL T AsSEMBLY |
CONSTRUZTION | ERECTION I
— et e |
[ FABRICATION |
ON UNIT |
OUTEITTING [onBLOCK | .
[ onBOARD
TEST§ ACT
£ FINAL SIGHT
- O INST MN ENG
QUTFITTING .
MILESTENE O AT 5508
& DOCKTRIALS
O SEATRIALS
O DELIVEPY
NOTES D (1) TYPIZAL WITH MINOR ADJUSTMENTS FOR A NON- STANDARD CARGO, BULK. CONTAINER, 07 RO/RO SHIP.
()

BASED UPON REF (E) AND. NOTES ONIMNHI

- 11 -




EXHIBIT 2-2

TYPICAL THT SCHEDULE FOR A 5200 TON DESTROYER

19206 - 1927 1978 1979 1980
MILESTONES IHIERERK i f2]3 | v 23wl Je (3 (u IIERERD

CONTRACT AWARD ——— ——A

START FABRICATION ——

KEEL

LAUNC H

BOILEK § DECKHOUSE INST.

START MECH TRIALS

START ZLECT / WEAPON TRIALS

DELIVERY

NOTES: (1) TYPICAL FOR A FIRST OF CLASS HAVING SIMILAR MACHINERY

TO A PREVIOUS CLASS

LIMITED ON UNIT AND EXTENSIVE ON BLOCK PREOUTFIT WAS
USED ON 15T HULL

BASED UPON I HI NOTES ONTOKYO D.D.H. CONSTRUCTION

()

(3)

- 12 -



3.0 Organization of Wrk

3.1 The organization of a typical Japanese Design or
Qutfitting Production Division is product or zone
oriented. ~ This is shown for commercial shipbuilding
by Exhibit 3-1 and 3-2, pages 15 and 15. A nodifi-
cation of this production outfitting division organi-
zation is shown for IH's Tokyo Yard construction of
a 5200 Ton Destroyer by Exhibit 3-3, page 17.

3.2 The Pallet (workpackage) is zone or area oriented in
order to 5|nﬁl|fy schedul ing and control of |abor and
material. This 1s illustrated by Exhibit 3-4, page 18.

3.3 The follow ng guidelines have been devel oped by ZH
to assist in defining Pallet breakdowns:

a. On block outfitting for naterial pre-
assenbled into a unit.

b. On block outfitting after a steel block
is turned over for material.preassenbl ed
into a unit.

c. On board outfitting for material pre-
assenbled into a unit.

d. On block outfitting for material to
be installed piece by piece.

e. On block outfitting after a steel
block is turned over for materia
to be installed piece by piece.

f.  On board outfitting prior to an area
being closed in by an overhead bl ock.

5+ On board outfitting by zone or area
prior to systemtests (or other key
events such as launch, trials, etc.)

h. On board outfitting general category

for itens such as spare parts an
touch Up.

- 13-



3.4 The organi zation of outfit in the engine room | ower
l evel of a typical diesel machinery space is illu-
strated as follows:

5 Structural Bl ocks
- 3 04 Pipe Units
10-12 Machinery Units

3.5 The nunber of Pallets or MPs (IPaIIet Material Lists)
for typical IH standard vessels are shown in Exhibit
3-5, page 19.

3.6 The transition fromzone or area construction to
system conpletion in the piping area takes place
at testing. The testing of commercial shi piPin%
systems is nornal |y done b¥ zone as a result of the
zoneOrientation of the outfitting crafts and to
support schedul e conpletion of individual zones.

3.7 Qutfit parts, other than piping, are subcontracted
locally thus sinplifying internal control.



EXHIBIT 3-1

IHI KURE
ORGANIZATION OF DESIGN DIVISION
SHIP DESIGN DEPT.
BUSINESS
ADMINISTRATION
DESIGN PROJECT
GROUP
HULL STRUCTURAL
DESIGN
ACCOMMODATION
____DESIGN ACCOMMODATION
/——l DESIGN
: \
\| —— !, ]‘ , _ DECK FITTING
C — DESIGN
Bl 8 s 5
7/
MACHINERY \
FITTING MACHINERY FITTING
DES IGN DECK FITTING DESIGN
DESIGN
NOTE: ELECTRICAL FITTING DESIGN . ELECTRICAL FITTING
COVER ALL ZONES DESIGN
NAVAL VESSEL
DESIGN




EXHIBIT 3-2

FITTING WORK SHOP

PRODUCTION PLANNING
& ENGINEERING GROUP

PIPE FABRICATION

— INTERIOR FITTING SHOP
/ X SHOP
‘,/ l -' b Nzt ink o )] "!-m_ﬂ'!-"‘!
/\ l ' AJANTLERLUK LU LING
I 1] 11 SHOP
B w |
N N
\CHEINERY FITTING SHOP DECK DECK FITTING SEOP
MACHINERY OPERATING SHOP FITTING
SHOP
NOTE: ELECTRICAIL FITTING MACHINERY FITTING
& PAINTING SHOPS ’ SHOP
COVER ALL ZONES
MACHINERY OPERATING
SHOP

ELECTRICAL FITTING
SHOP

whalsL

DPAINTING SHOP

- 16 -



EXHBIT 3-3
[H TOKYO

ORGANI ZATI ON OF OUTEITTING DI VI SI ON

FOR NAVAL VESSELS

‘ FI TTING WORK SHOP

|
PRODUCTI ON PLANNI NG

& ENG NEERI NG GROUP
f

Pl PE FABRI CATI ON

ELECTRI CAL _FI TTI NG_SHCP :

HULL ( DECK)
/  ORDNANCE/ WVEAPONi FI TTI NG _SHOP

— e

. MACHI NERY

/ FI TTI NG SHOP
~L» =

MACH NER= FI TTI NG SHOP MACHI NERY
“ MACHI NERY OPERATI NG SHOP OPERATI NG SHOP
' ELECTRI CAL
NOTES : (1) ALL AREAS NOT _ , CTTING. SHOP
MACH ., ELEC . OR L

ORD . ARE MANAGED
BY HU L FITTING

SHOP ORDNANCE/ VEEAPONS
N SHoP
(2) PAINTING & ELEC l
FI TTING SHOPS COVER
AL ZONES

— PAI NTI NG SHCP

-17-



EXH BIT 3-4
CONCEPT OF PALLETING

OR ZONE OUTFITTING

l:’iME/ACTWlTY

TIME/ACTIVITY

CONVENTIONAL

WARX SACYASE

)
CONVENTIONAL QUTFITTING
CONVENTIONAL SYSTEM ORIENTED
WDRKPACKAGES CROSS MULTIPLE
ZONES CAREAS) AND TIMES ZONE_OUTEITTING
CTIVITIES) GiVING LIMITED
égl\;TRDL. ZONE DRIENTED PALLETS CROSS

MULTIPLE SYSTEMS BUT ALIGN
DIRECTLY TC PRODUCTION WORK
BEING ACLOMPLISHED 3Y ZONE
(AREAD AND TIME (ACTIVITY )
THUS CIVING 600D (CNTROL.

’



NO OF PALLETS OR ._MFL"S (1) EXHBIT 3-!
FOR I HI STANDARD VESSELS

- e )

T
Kv'gstaﬁF ZONE |3loek | onis ZTVE;CTT ERECT | 7OTAL *'3'.55
ACC 34 E FE 'Y
FREEDOM N EEE 50 5 1ca| 3053 yy |
MK-IL | MACH bb 30 59 107 252 74
15,006 TONMPC L ELECT 99 4y 32 Z W 4y
| TOTAL 322 8l 101 7206 | 1215 182
ACC 24 283 309
r e 185 ! 137 373 1=
FREEDOM QUTFIT =
17000 TON MACH 32 1?7 45 227 321 b2
MPC ' | ELECT RN ]9 52 32 19
L TOTAL 252 17 b5 751 1635 3 2
ACC ’E 139 223
FCRTUNE e 133 2 b3 203
25,000 TON MACH 3 3i 110 221y
MPC ELECT 33 53 121
TOTAL 278 23 420 E
ACL £7 2 233 325 z
3.C. ortF LT 531 I 33 P04 L3y )
0620 L TON MACH 3z |2 73 4y - 95
ZLECT Y p !73 219
TOTAL Eay ;3 TE y2 1 15051 2y7
ACC 23 5 262 330 5
D.C.. e 515 ay Hy 112 705 /38
- MACH 55 23 13 171 342 )
10ECCOTON ELECT 49 201 250
otaL | 702 | 10 1 9zl 790 sog T oo
| ACC 548 E 5 234 33 23
Vicc JUEL 532 | i3 15! 15| 229 237
250,000 TON MACH 84 5 [0l 208 453 i1
ELECT 40 _ P9 22y I
TOTAL | 714 T 59 2i2 744 | 1874 37]
Vice WA 487 | 124 33 i33 | 3§33 | 207 |
250,000 TON MACH 88 32 115 190 yzs 147
ELECT 85 223 308
TOTAL | 756 | 175 | 2l5

CH)Y MATERIAL L!IST FGR PALLETS / WARK PATKARF S



4.0 Design Approach

4.1 In Japanese Shipyards the design effort is divided
into four stages:

« Basic Design - Prelimnary design cal cul ations,
general arrangenent, machinery
arrangement, mdship section,
scantling plans, and system
di agrans. (Performed in the
Tokyo Head O fice.)

« Function Design - The conpletion of key draw
I ngs such as arrangenents,
system di agrans, structural
scantling plans, etc.

Detail Design - The conversion of functiona
design information into zone
or area oriented structura
and outfit working draw ngs.

e Wrk Instruction Resign - Structural lofting,
pi pe sketching, and the devel op-
ment of other detail fabrication
sketches required to fabricate
or purchase snall subassenblies.

4.2 The basic or contract design is nore conplete than
U.S. practice and is acconplished by the Tokyo Head

Ofice.

4.3 The conpletion of functional design, key plans and
cal cul ations, and the devel opment ofworking plans
i's normal |y acconplished in the yard design office.

4.4 Piﬁing and other system diagrans are devel oped in
schematic form by deck level simlar to US.
practice. Piping diagrans are conplete in all
respects and along with the machinery arrangenents
are the onl¥ pi ping drawi ngs submtted for agency
approval . he piping diagrans are used in conjunc-
tron with nachlnerg arrangenents to determne the
plpes_systen1lengt s for the purpose of sizing and
mat esi al cal cul ations.

-20-



4.5 Qutfitting working plan devel opnent has been
streamined thru the use of “Conposite Qutfit
Arrangenent Drawi ngs”. The use of the Conposite
Qutfit Arrangenent Plan is a key element in the
reduced working plan devel opnent time achieved

by Japanese Yards vs. U S. practice. This is
illustrated by a Flow Chart of Chtfitting Wor k-
ing Plan Devel opment, Exhibit 4-1, page 23.

4.6 A description of Qutfitting Working Draw ngs or
Conposite Qutfit Arrangement Drawings is as
foll ows:

Engi ne _Room Lower Level - Draw ngs

I ncl ude toundations; piping; grating

framework, plating, and handrails;

pi pi ng supports; and | adders.

Deck Piping - Draw ngs include ﬁiping; “
grating framework, plating, and hand-
rails; ladders; deck fittings; piping

supports; and foundation installation.

Forecastl e Deck
deck frttrngs;

ation installation;
plating and handrails;

pi pi ng supports.

Acconmodat i ons

used; a) pipin
equi pment and
joi ner instal

installation.

4.7 The outfitting conposite
the shipyards were not
The piping was shown as

flanges appeared to be shown full -
posite drawings did include elevations,

?bu

Rraw ngs. i ncl ude
equi pment “and found-
grating franework,
pi pi ng: and

Three draw ngs were
ventil ation, [adders,
ndation installation;
lation and c) electrical”

drawi ngs reviewed at all
sophi sticated draw ngs.
one |line although the

size. The com
sections

and details and the drawings were coded with

synbol s or by shading t
stage, i.e. on unit, on.

- 21 -
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4.8 Tyﬁical structural working plans include deck, side
shell, web frames, etc. for the conplete block or
for a group of simlar blocks. Structural working
plans do not include foundations which are issued
on a separate book plan by area or zone.

4.9 Material is ordered in progressive stages throughout
the functional design, detail design, and work in-
struction design phases in order to suit nmaterial
| ead tines. Long-lead material is ordered by the
Tokyo office during the basic design phase. This
Is 1llustrated by hibit 4-2, Qutline Process of
Pal | et Design, page 24.

4,10 The design is devel oped based upon intensive planning
and production input early in the design process.
This is illustrated by the Qutline Process of Pallet
Design, Exhibit 4-2, page 24.

4.11 Both functional and working plan devel opnent are
greatly assisted thru the use of conprehensive
stanqards and extensive experience-on previous
vessel s.

4.12 The working plans and material lists (Pallet Lists)
provide a common docunmentation for design, planning,
schedul ing, |abor/material control and production.

4.13 The Japanese approach to design, described in the
above_Baragraphs, is slightly different from that
described 1n Reference (d). The primary difference
is the use of nulti-block structural draw ngs and
area outfitting conposite drawi ngs that do not re-
flect a single stage of construction or a single
structural block or outfitting unit. This change
I n approach took Elace during the mddle 70’s,
either due to lack of design staff to prepare the
more costly unit or block oriented drawi ngs or as
a result of econon¥ measures taken’'after the decline
i n shipbuil ding. he working draw ngs viewed ap-
peared fully adequate for the purpose of supporting
production installation.

4.14 Additional explanations and illustrations of the
Japanese design process can be found in Reference
(e) pages 3-1to 3-8 and in Reference (f) pages
7 thru 11.
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FLOW CHART OF OUTFIT

EXHIBLYE Q-1

WORKING PLAN DEVELOPMENT

BIW VS. JAPANESE PRACTICE

BIW PRACTICE

1)

MCH. ARRANGEMEN™ |

W

[ VENDOR DRAWINGS  —

1y

22\
{1240/

[ SYSTEM DINGRAMS | —

{2).(3)

tw (1043) (.L5) ()

“—— ADVANCE SYSTEM MATERIAL LIST CAPL)

JAPANESE PRACTICE

4}

[ MACH. FPRENGEMENT =

(1)

[—{SYSTEM ARRMGEMENT |———{COMPOSITE DRAWING |———{5YSTEM ARRANG EMENT}—1—— PLANNING |————PIPE SKETCH |- FMBRICATION ||

——— SYSTEM MATERIAL LIST (PL)

(1) 4D

455) 1)
[ VENDORDRAYINGS  F—1—] PLANNING {COMPOSITE OUTFIT ARRG.

0),72)
BENSIE

(1) SUBMITTED FOR

——{PIPE SKETCH ‘

“—ADVANLE SYSTEM MATERIAL LIST (MLS)

APPROVAL

_(2) OMITTED ON RECENT WORK
(3) PREPARED 3Y SYSTEM/ HULL
(4) PREPARED BY ZONE/ AREA
(5) FLANNING OF HULL BLOCKS (UNITS) AND MACRINERY 70UT FIT UNITS ( PACKAGES)
(&) FABRICATION BY ZONE/AREA/UNIT

S

—— ZONE / AREA MATERIAL LIST (MLF/MLP, MLC)
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5.0 Shipbuilding Standards

5.1 Both IH and Mtsui have devel oped extensive
standards for use in functional design, detai
design, planning, production and quality control
This is i1llustrated by Exhibit 5-1, Table of IHI
St andards, page 28.

5.2 IH s desi?n approach appears heavily oriented to
the use of design standards which_have been devel oped
based on standard ship designs. See Exhibit 3-5,
page 19for exanples of standard 1w designs. Al though
these design standards are based on standard ship de-
signs, they have been developed with the idea of
solving a range of problens versus solving the speci-
fic design B{oblens presented by the ship being
desi gned. tsui, on the other hand, bases their
designs on previous ships having simlar engine types
and power ranges. Neither IH nor Mtsui appear to
have a totally conprehensive docunented set of
standards covéring all ship types. Standards for
tanker and bul k ships appear to be very thoroughly
devel oped, while standards for liner ships are |ess
conpl etely devel oped.

5.3 BPth | HI ﬁnd M tsui have single main engine vendors
or both Tow speed and medi um speed diesel. |H
manufactures the |ow speed Sul zer and medi um speed
Piel stik engines while Mtsui nmanufactures the |ow
speed B&W and a nedi um speed Mtsui engines.

5.4 Design and material standards start at the |evel of
I ndi vidual conponents and pieces of zaw materia
(such as BIWis devel oping) and include progressive
tiers to the level of standard machinery arrangenents
and system diagrans for various standard ships and
various sizes of standard steam or diesel power plants

5.5 The design of system nmodules using IH functional
design standards is illustrated in Exhibit 5-2,
page 29. In this case, the design standards have
alTowed for alternative system capabilities and
the designer selects from these alternatives to
create the functional and working drawings for a
new ship design.

5.6 An exanple of machinery conmponent standards i
iIIus{?gted by Exhibity5-3?ppage 30. eSe 'standards

appear to have been developed to a range of require-

ments instead of being designed axound a specific
ship type



5.7 According to IH, Kure personnel, standards have been
devel oped to reflect the highest quality based on new
requirenents and reflecting the experience of the past.
The use of standards is sold to the owner, durin%
techni cal negotiations prior to contract award, based

on the principals of proven service experience, reduced
delivery time and reduced cost.

5.8 Functional design standards for a 60,000 ton bul k
carzier engine room design included the follow ng:

Engi ne Room arrangenent based on a single

engine type with alternative nunmber of
cylinders.

- Machi nery arrangenent including plan,
el evation and section.

A list of key equipment including
al ternate vendors except for the
mai n engi ne.

Al'l system di agrans.

An arrangenent of machinery units
or outfit packages:

Machi nery nodul e desi gns.

Parts lists for individual systens
and machi nery nodul es.

NOTE : The majority of machinery units or
outfit packages shown for this de-
sign were based on standard machi n-
ery nodul es which are system oriented.
Exanmpl e, lube oil purification, fuel
oil treatnent, jacket water heat
exchanges, etc.

5.9 IH personnel indicated that they have previously
forwarded-to BIW as the MARAD Standards Program
Manager, a proposal for technical assistance in
the area of standards devel opment. This proposa
shoul d be carefully reviewed, although, at this
point, M. Harnada of IH, indicates that the
question of selling IH’ s Standards or Assistance
In Standards Devel opment is a question that requires
conplete review by |H Top Managenent.
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5.10 Mtsui design standards, in the form of design
manual s and design check lists, were reviewed.
These design standards provides substantial
gui dance to designers in the form of partia
system di agranms, tables or graphs sinplifying
engi neering calcul ations, check lists of itens
required to properly conplete functional or work-
ing drawings, check lists of items required to
ensure reduced costs inthe production area and
check lists, based on experience, of itens causing
ei ther production problenms or problens in the
guar ant ee area.

5.11 This approach to standards has(frovided Japanese
Shipyards a formalized way of docunenting their
experience and of devel oping new design or pro-
duction procedures docunentated in a manner that
they can be nodified as required to suit new owner
or service requirements.

5.12 The use of standards is a key elenment in the
significantly reduced design and production
costs and schedul es achieved by Japanese
Shipyards vs. U S. practice.

5.23 Additional explanation and exanples O Japanese
practice in the area of shipbuilding standards
can be found in Reference (c), Reference (e)

ages 3-7 to 3-16, and Reference (f ages
R4gthru 19. (1) pag

5.14 Although IH appears to have noved further in
devel opi ng conprehensi ve shipbuilding standards,
| believe that both Mtsui and IH should be
consi dered as ﬁpteniiaj subcontractors to BIW
and the U. S. Shipbuilding Industry for the
devel opnent of a conprehensive standards program

27 -



EXHBIT 5-1

TABLE OF NUMBERS OF | H STANDARDS

Cl assification of Standards Nos.

Mat eri al Common conponent s 600

st andar ds
Hul | fittings 600
S0 Machi nery fittings 200
El ectric fittings 200
Sub-t ot al 1, 600
Desi gn standards 1, 100
Production eng. standards 2.00

Sor
I nspecti on standards 200
Sub-t ot al 1, 400
Machi nery draw ngs (SD ") 1, 200
Component and fitting standard dwgs 350
O her gui dance draw ngs 350
Sp*’

Sub-t ot al 1, 900
G and total 4,900

NOTE : (1) SDI Standards are standards where
a change nust be the result of a
nutual agreenent between IH and
a Vendor or Sub-Contractor.
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SAMPLE IHI MACHINERY COMPONENT STANDARD

Mach. No. M O 23
Drain Pump (Large Size)
Type VEZC
- 3,500x150 i -
Cargo Pump Cap. | m3/h x m | 3,500x125} 4,000x125) 4.000%150 4,000x150] 4,500x150] 5,000x150
Cargo Pump Sets KWxrpm 3 3 4 4 4
Capacity m3/h x m 70 x 90 80 x 90 90 x 95 110 x 95 130 x 95 70 x 100
Model No, EVZ 100 EVZ 130 EVZ130~-2 EVZ-130
Btand. Drwg. No. SDx 400113601 440011380 440011390 | 440011380
y Motor Capacity KWxxrpm 37 x 1800 45 x 1,800 55 x 1,800075 x 1,800]45 x 1,80(
:
'g Motor Model No,
g : 3 56 - 76 -~ 78 - 96 - 118 - 66 -
= | Capacity range | m3/h x m | 5, , oy | 100 x 90 | o5 ¥ 95 1330 x o5 | 330 x 95 | 85 - 100
Weight 2ump ==
Motor
200 x 100~ - - 300 x 150-~]250 x 125~
Model No. | >vCcSE-A 250 x 125 - 2VCDS - A 2vCDs-A__ | 2VCDS-A
Stand. Drwg. No. SDI 440021730A 440021740A 440021390 ] 440021740
=L=v
m | Motor Capacity KWxrpm 37 x 1,800 45 x 1,800 55 x 1,800]75 x 1,800§45 x 1,800
E Motor Model No,
o . 51 - 80 - 91 - 130 - 70 -
= | Capacity range | m3/h X@_}_ﬂo % 90 95 x 95 1 110 x 95 | 120 x 95 | 85 x 100
) Pump t
Welght e —
Motor
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6.0 Preoutfit Approach

6.1 Qutfit installation, as devel oped by Japanese
Shipyards, is broken into three stages:

- On_Unit (called packaging by BIW -
package or module outfitting of
conEonents, pi ping, grating, etc.
Packages are often multi-system and
include multiple discipl-ines.

On Block (called unit preoutfit by
BIW - structural bl ock preoutfit
simlar to that acconplished by BIW

On Board (called outfitting by BIW -
installTation of the remaining material
on board ship. The work is packaged

by logical area vs. conventional system

6.2 On block preoutfit levels observed in Japanese Yards
were very simlar to BIWpractice on the Mtson/FLI
contracts where conparable blocks were observed.

6.3 On unit preoutfit provides Japanese Yards a signifi-
cant advantage in areas not subject to a block pre-
outfit (i.e. engine room and weather decks) versus
cusrent BIW practice.

6.4 |HZ stated the follow ng savings for on unit and
on bl ock preoutfit:

70% savi ngs
30% savi ngs

on unit vs. on board
on block vs. on board

6.5 The primary enphasis ofJapanese Shipbuilders is
based on maximzing the on unit preoutfit function
Vs . the on Dblock preoutfit function enphasized at
?IY1 The key advantages of this approach are as
ol | ows:

i ncreased preoutfit levels
(8.0% piping vs. 55% at BIW
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6.6

6.7

reduced construction time
due to parallel construction
of structure and outfit.

reduced interface of pre-
outfit and structural trades
during steel assenbly.

I nproved sequencing and control
of work

earlier application of |abor
and material than presently
experienced at BIW

In discussing the ﬂreoutfit of engine room | ower

| evel blocks (at IH, Kure) that were simlar to

t hose structural blocks preoutfitted by Biwon

the Matson and Farrell programs, the IH, Kure
personnel indicated preoutfit times of approximtely
8-12 working days or roughly half at what BIWS ex-
perience has been. The I'H personnel credited their
preoutfitting of these very conpl ex structural bl ocks
to the extensive preassenbly of piping, gratings,
foundations and conponents that had been acconplished
in the formof outfit units.

Pictures of the DDH construction viewed in |H,
Tokyo indicated limted use of on unit preoutfit
and extensive on bIockareoutfit. As Bl W uses

| arger blocks on the FFG our preoutfit |evels
exceeded theirs.



7.0 Steel

Constructi on

7.1

7.2

7.3

1.4

7.5

7.6

7.7

The bl ock breakdown is defined very early in the
contract and is a key input into the devel opnent
of functional and detail design.

The steel plate and shape storage yards are very
smal | conpared to U 'S. practice. Steel is nornmally
delivered only one or two days prior to fabrication

Steel fabrication and assenbly shops are large and
very well laid out. The area of steel assenbly
shops to ship erection area is greater than U S.
practice.

Steel plates were tYpicaIIy laid out using optica
projection in the electro-photo marking process.
After layout, the plates were transferred to a cut-
ting conveyor where they were cut to shape manually.
Limted use of Numerical Control Cutting Mchines
was observed.

Steel shapes were laid out and burned to shape
manual |y while nmoving on conveyors. The burning
conveyors for plates and shapes were simlar to
those used at BIW The use of conveyors in these
applications elimnated crane and handling tine.

Limted use of plate rolls and presses was

observed. Heat lined bending of plates was
observed in all shipyards visited.

Subassenbly areas were large and well laid out.
The subassenbly of small floors and web frames
was typically acconplished on a noving Qonveyor
or on raised post nocks. The subassenblies for
tanker web franes included staging clips, small
lifting pads for use in assenbly, and handgrabs
or ladders for use during assenbly and erection.
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7.8

7.9

.10

11

.12

.13

.14

.15

.16

Directly after the flame planing or cutting of
large plates to size, they were joined together
and automatic wel ded with one side welding to
form pl ate bl ankets.

Directly after the fabrication of deck, shel
and bul khead |ongitudinal, the |ongitudina
were assenbled in jigs with the transverse
bul kheads and web frames to foxm three dinmen-
sional grid assenblies.

After welding of the grid assenbly, it was joined
to the flat plate blanket to forma conplete flat
panel bl ock.

Pin jigs were extensively used for the assenbly
of curved bilge and side shell units in all
shi pyards visited.

All structural blocks were mechanically cleaned
and Ba|nted prior to erection. Only limted
capability for reblasting conpleted bl ocks was
obser ved.

Bui I di ng docks or berths were equipped with
multiple erection cranes due to the rapid rate

of erection. Many structual bl ocks were ob-
served in storage waiting for erection.

M dship bl ocks were fabricated neat with no
stock, and nmost bow and stern bl ocks were cut
neat at final assenbly.

Extensive use was nade of jigs throughout the
assenbly and erection process.

Per manent access was designed into non-tight
structural nmenbers to facilitate access during
assenbly and erection.
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7.17 Heat line fairing, to correct”weld distortion

7.18

was observed at all subassenbly and assenbly
st ages.

Large capital intensive jigs or work fixtures
had been devel oped for tanker and bulk carrier
constructi on. hese include the follow ng:

a. At the Mtsui Chiba Shipyard, the Rotas
System was used for the construction of
large 60° long by 1400 ton w ng tanks.
These | arge. bl ocks were assenbled on end,
the vertical joints were welded using the
el ectro-slag process, and then the com
plete block was rotated nechanically for
wel ding in various positions. After the
conpl etion of welding, the block was
transferred mechanically to the edge of
the dock, |owered into the dock, and .
transferred mechanically to the erection
posi tion.

b. At IH Kure Shipyard, a nechanical devise
for rotahing large flat panels on end and
provi ding nmechanical staging was observed.
This system was used to allow conplete
downhand wel ding of the web”franme to panel
connecti ons.

c. At the IH Kure and Aioi Shipyards,
mechani zed work units had been devel oped
to provide staging and services as well
as mechani cal assistance in the erection,
fairing, and welding of shell, |ongitudina
bul khead, and deck panels on |arge tanker
and bulk carriers.
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8.0 Wl di ng

8.1 The wel ding process is defined very early in the
contract and is a key input to the devel opnent of
functional and detail design.

8.2 Subassenbly wel di ng was acconplished using gravity
rods.II The quality of gravity rod wel ding appeared
excel | ent.

8.3 Flat panel seans were wel ded using one side sub-
merged arc welding. The one side welding process
was used for thicknesses of 9-30 MM (3/8"- 11/4") .
The wel ding of the three dinmensional grids to the
flgt pl ate bl anket was acconplished using gravity
rods.

8.4 Curved panel seans Were welded using subnerged
arc welding against a tenporary backing material.
The welding of stiffeners and web franes to curved
panel s was acconplished using gravity rods.

8.5 It appeared that all fitting was acconplished
prioz to releasing the blocks for meldin?. I'n
sonme yards the assenbly and wel ding of flat
panel bl ocks was acconplished on a slowy
moving floor conveyor.

8.6 FErection welding was based on the maxi mum use
of automatic and semi -automatic wel ding processes.
Typi cal processes are as foll ows:

a. Deck plating was welded with sub-
merged arc using tenporary backing.

b. Vertical shell and bulllhead butts

were wel ded using the electro-slag
process.
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Sl oping or overhead surfaces were
wel ded using oscillating fluxcore
or solid wwre MG against tenporary
backi ng.

Vertical deck |ongitudinal were
wel ded using the electro-slag
process. Deck | ongitudinal
were flat bar to facilitate

this process.

Bottom shel |, side shell and

| ongi tudi nal bul khead stiffeners
were wel ded using the electro-
slag process for vertical sur-
faces and the submerged arc
process for horizontal surfaces.
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9.0 List of Followon Projects

The followng iS a liSt of fOIONMOh projects identified
i n our November 151 1979 neeting held in Tokyo, Japan:

(1) Zone Planning - A second edition of

(1)

The Qutfit Planning Manual, cover-
ing hull structure and painting.

Zone Pl anni ng Exandes - A
panphl'et grving Tirsts and sketches
of block arrangenents, outfit unit
arrangenments, pallet lists, draw
ing lists, etc. for a typical IH
ship.

Zone Pl anni ng Educational Aids -
[nplenentation ards In witten
and audio visual formfor the use
of design and shipyard m ddl e
managenent . '

Handbook for Production Process
Pl anni nqg and Engl neering -

A manual on the function and
acconpl i shnent of production
engi neeri ng.

Managi ng _the Pl anni na Phase -
A manual on schedul I ng_and
control of the front-end

engi neering, material control
and pl anni ng phase.

Shi pbui I ding Standards, Long
Term Obj ectives - The devel op-
ment of a lTong range set of

obj ectives and program for the
devel opnent of an expanded and
conpr ehensive U.S. Shi pbui | di ng
standards program
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(7) Functional Desiun Standards for
D esel Michinery Plants -
The devel opnent of functiona
design standards covering |ow
speed diesel power plants.

(8) Improved Services in Shops and
On Board - A manual on pre-
planning services in shops and
on board.

(9) Jias and Fixtures for Assenbly
and Erection - A manual on
flttln? J1gs and fixtures for

y

assenb and erection.
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